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ABSTRACT 
Three swine waste management systems for hydraulically 
transporting And treating swine manure have been evaluated. 
In all three systems manure was removed from 8 swine confine-
ment buildings by discharging treated waste water from flush 
tanks into flushing gutters. The effluent from 2 farrowing 
buildings housing 28 sows and litters flowed into an aeration 
basin equipped with a floating, surface aerator. The effluent 
was returned directly to the flush tanks. Excess water was 
stored in a lagoon. 
An anaerobic lagoon treated the effluent from 2 farrowing 
buildings housing 56 sows and litters before the lagoon efflu-
ent entered an aeration basin equipped with a 3 H.P. floating 
aerator. The aeration basin effluent was then returned to 
flush tanks. 
Waste water from four finishing buildings housing 900 hogs 
was d ischarged into an anerobic lagoon. The lagoon efflu-
ent was then pumped into a Rotating Biological Contactor for 
aerobic treatment before the effluent was returned to the flush 
tanks. 
Excess water from all three systems was irrigated to adja-
cent cropland. 
The flushing gutters effectively removed the manure from 
the buildings once it was placed in the gutters. Manure from 
the finishing buildings was effectively removed until the total 
viii 
weight of the animals was about 65,000 lbs. No animal health 
problems that could be directly related to the treated effluent 
were encountered. 
The lagoon-aeration basin system effectively treated 
farrowing house manure with few maintenance problems. The 
anaerobic lagoon emitted undesirable odors from mid-April until 
early June 1972 making it undesirable for use near populated 
areas . 
The aeration basin system was effective in treating the 
farrowing house effluent without producing undesirable odors. 
This makes this system acceptable for use near populated areas. 
However, returning an effluent with a high solids concentration 
was difficult with the equipment used. Pumps within the 1/2 to 
2 horsepower range that can continuously pump effluent con-
taining hog hairs , grain hulls , manure solids , and bacteria are 
needed. Efficient, low cost pumps ~eeting these criteria have 
not ye t been found . 
The lagoon in the RBC system was effective in treating 
the finishing hog manure. However, the RBC was not effective 
in reducing BOD5 or COD. It was plagued by several maintenance 
problems. The lagoon produced undesirable odors during mid-
April through early June 1972. The RBC was a constant source 
of odor. This makes this system undesirable for use near popu-
lated areas. Further development and operating knowledge is 
needed for application of this type of waste treatment system. 
BACKGROUND LEADING TO SYSTEM DEVELOPMENT
The trend toward confinement feeding of livestock began
as early as 1947 and is well documented (Laycock 1947, Hughes
1957, and Heitman, Kelly and Bond 1958). By 1960, information
on functional and basic requirements for swine housing had
been developed (Hazen and Mangold 1960). As more animals were
raised in confinement, more land was used for row crops. This
made less land available for field spreading of manure. Ma
nure could not be left to accumulate in the buildings. With
this in mind, researchers began to investigate new alterna
tives for animal waste management.
In 1962 a system for hydraulic removal of swine manure
from a confinement finishing building by continuously flushing
fresh water into dunging channels was first used at Iowa State
University (Willrich, 1966). Taiganides (1963) characterized
the swine wastes from finishing buildings and tested a labor
atory model of an anaerobic digester.
In 1965, Knight characterized the performance of the cage
rotor in an oxidation ditch. By 1966 the properties of farm
animal excreta were published from work done by Taiganides,
Hazen and others (Taiganides and Hazen 1966). Merkel (1967)
was able to demonstrate that manure is a significant source of
odor in a swine confinement building and quick manure removal
significantly decreases the odor level in the building.
Various systems for hydraulic transport, treatment and
disposal of swine wastes were investigated at the confinement
finishing building referred to as Unit K at Iowa State Univer
sity. A detailed account of the evolution of these systems is
given by Smith 1967. A summary of that account will be given
here.
The original waste management system constructed in 1960,
consisted of a dunging channel equipped with mechanical
scrapers that ran the length of the building. The manure was
removed by these scrapers and discharged into a storage tank.
The manure was pumped into a spreader truck that spread the
manure on the nearby farm land. The operation of this system
was not satisfactory and Mangold (1965) recommended some mod
ifications which included narrowing the pens and having fewer
hogs in each pen.
During 1962 - 1963 the dunging channel scrapers were
removed.
Fresh water was discharged into the gutters at 3.7 gpm
for 23 hours then at 10 gpm for 1 hour. The hogs learned to
defecate and urinate in the gutter. The manure and water was
delivered by gravity flow through service pipe into a lagoon
(Willrich 1966). Excess water which had been treated in the
lagoon was discharged into a nearby drainageway. By 1966 it
became clear that discharging anaerobic lagoon effluent
directly into the drainageway was not desirable.
In 1967 an oxidation ditch and settling tank was added
to the system to further treat the anaerobic lagoon effluent.
To avoid constant discharge of water, the settled effluent
from the oxidation ditch was recycled to the building for re
use for gutter cleaning. A mechanically operated, electron
ically controlled flush tank discharged about 150 gal. of treated
affluent into the gutters in 1 minute every hour (Smith 1967).
This system showed promise of satisfactory operation and
Smith continued a longer term investigation of this system
(Smith, Hazen and Miner 1971). They also investigated treat
ing raw swine waste in the oxidation ditch and settling tank.
The flushing gutter removed manure from the building satis
factorily, The anaerobic lagoon and oxidation ditch satis
factorily treated the swine waste. Smith et al. experienced
frequent maintenance problems and high power requirements with
the rotor used in the oxidation ditch. The mechanical flush
tank was also not dependable. Person and Miner (1971), found
that a flush tank equipped with an automatic dosing siphon
functioned satisfactorily.
During 1968, Koelliker and Vanderholm began investigating
the possibility of discharging lagoon effluent to land by
sprinkler irrigation (Koelliker 1969 and Vanderholm 1969),
Their results showed that this technique for disposal of ex
cess lagoon effluent may be possible. Koelliker, et al. (1971)
continued the investigation and found that this technique
removed 95%, 99"*"%, and 99"^% of the COD, total phosphate, and
ammonia - N respectively from the applied effluent with no
apparent damage to crops or soil.
Antonie and Welch (1969) described a device called a
Rotating Biological Contactor. This device consisted of a
series of disks mounted on a horizontal shaft. The lower 1/3
to 1/2 of these disks is immersed in waste water. The disks
were rotated so that they are alternately immersed in the waste
water, picking up organic material and then exposed to air. A
slime growth develops on these disks which decomposes the or
ganic material. Some of the advantages claimed for this device
include low power requirement (since the disks are balanced on
the shaft and turn at 2-4 rpm), few fast moving parts, 80-90%
reduction of BOD^, few maintenance problems, and satisfactory
operation throughout the winter.
Welch (1968), reported that the RBC was useful for treat
ing concentrated wastes. His work demonstrated that the dis
solved oxygen (DO) concentration in the disk chamber liquor
must be above 1 mg/1 for good COD removal.
Joost (1969) reported being able to remove 90% of the
BODg from a domestic waste with a Rotating Biological Surface
with a hydraulic detention time of less than 45 min. He
pointed out that the RBC operates with low food to micro or
ganism (P/M) ratio ranging from 0.02-0.05. This compares to
a F/M ratio of 0.3 for activated sludge processes. This, and
the fact that the organism cannot be washed from the system.
makes this system able to withstand shock loading. He also
stated that the RBC will remove a fixed amount of organic
material even when the system is overloaded.
Borchandt (1971) presented some historical background of
the rotating biological contactor concept. He also reported
that a 3 stage RBC with 4 ft diameter disks, loaded "nominally"
(probably with a domestic work), removed 89-94% of the BOD^
during warm weather and 85-89% of the BOD^ during cold weather.
The hydraulic dentention time was 21 minutes.
Experience thus far had been limited to parts and pieces
in research situations. The next step was to try to integrate
these parts and pieces into operating commercial systems.
The objective of this research is to evaluate three
possibly feasible treatment variations based upon hydraulic
handling of wastes and recycling treated wastewater.
DESCRIPTION OF SYSTEMS
Aeration basin system
The flov; scheme for the aeration basin system is shown
in Figure 1. Shallow dunging channels or flushing gutters ex
tended the length of 2 farrowing buildings. The hogs defecated
and urinated in the flushing gutters. One hundred fifty (150)
gallons of treated effluent was discharged into the flushing
gutters in one minute at one-half hour intervals from flush
tanks located at the head end of the farrowing buildings. The
water running down the gutter carries the urine and feces from
the building into a 6 inch plastic sewer and drain pipe. A
screen with 2 inch spacing covered the sewer pipe inlet to
prevent large foreign objects or baby pigs from entering the
sewer line. The sewer line carried the farrowing house efflu
ent by gravity into a 40 ft diameter x 10 ft deep aeration
basin. The manure was treated aerobically in an extended aera
tion process. Effluent from the aeration basin was pumped back
into the flush tanks by 3/4 hp electric centrifugal pumps. A
six inch plastic sewer and drain pipe was connected to the an
aerobic lagoon to provide storage of excess water. The pipe
was so constructed that water would flow through this pipe when
either the lagoon or the aeration basin water surface reaches
an elevation 4 ft below the top of the aeration basin. Excess
water was irrigated by portable irrigation equipment from the
anaerobic lagoon to the adjacent crop land.
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Figure 1. Schematic diagram of the three hydraulic
waste management systems.
Design details of the farrowing building, each housing
14 sows and litters, included in the aeration basin system
are shown in Figure 2 and Table 1. The wood frame buildings
in all three systems were remodeled in 1971.
The nursing area was equipped with a rubber pad to pro
tect baby pigs against abrasions from the concrete floors, A
partition was placed on the nursing area side of the gutter
2-5 days before the sow was due to farrow to prevent new
born pigs from getting into the gutter. This partition was
removed after the baby pigs were 3-5 days old. The manure was
removed from the pen manually while the partition was in place.
The creep areas were equipped with electric heat lamps for
temperature control. Tempered air was directed to the sows by
flexible metal tubing for sow comfort. Suck-type waterers
were located near the flushing gutter. The sows were floor fed
pelleted feed by hand. The pens had a 5% slope toward the
gutters which are 2 1/2 in. deep, 2 ft wide, and have a 0.4%
slope.
Flush tanks (Figure 3 & 4) were located at the head end of
the buildings in all three systems. They consisted of 230 gallon
galvanized steel stock tanks equipped with an automatic dosing
siphon.
Treated effluent was pumped into the tank continuously.
When the water reaches a level 18 inches above the bottom
of the tank bottom, a siphon was formed discharging the tank
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Figure 2. Details of the aeration basin system.
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Table 1* Details of the aeration basin system.
Item
Type
No. buildings
Hogs per building
Bldg. dimensions (ft)
Pens per bldg.
Pen size (ft)
Pen slope
Gutter width^(in.)
Gutter slope
Aeration Basin
Diameter
Depth
Hydraulic detention time @
600 gph flowrate
Wall thickness
Floating aerator size
Material
Sows and litters.
All gutters 3 in. deep.
Aeration
Basin
System
Farrowing
2
14^
16 X 128
14
8 X 12
5%
24
0.4%
40 ft
10 ft
80-160 hrs
6 in.
5 hp
Reinforced concrete
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Figure 4, Flush tank similar to the ones in the three systems
Figure 5. The 40 ft aeration basin.
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contents in one minute. The frequency of flushing was con
trolled by how fast the tank is filled. This all is accom
plished with no moving parts except for the pump.
The aeration basin (Figure 5) was a 40 ft diameter by
10 ft deep pit constructed of 6" cast concrete walls with an
earth bottom. A 5 H.P. Keene floating surface aerator mixed
and aeration the waste water. Since the effluent was used for
gutter cleaning and returned to the aeration basin, it was
decided to operate it as an extended aeration unit.
The inlet pipe for the 3/4 H.P, centrifugal pump consisted
of 2 1/2 inch flexible plastic pipe which extended into the
aeration basin. The inlet end of this pipe was covered with a
1/2 inch wire mesh to prevent large particles from entering
the pump. The effluent was returned to the buildings through
a 1 1/2 in, flexible plastic pipe. A frost-proof water hydrant
was located at the flush tank to provide flow rate control, A
3/4 in. garden hose carried the effluent from the hydrant to
the flush tank.
Lagoon-aeration basin system
The flow scheme for the lagoon-aeration basin system is
shown in Figure 1. Manure from the two farrowing buildings,
each housing 28 sows and litters, was removed by discharging
treated effluent from flush tanks into flushing gutters. From
the flushing gutters, the manure entered a 6 in, plastic sewer
14
and drain pipe covered with a 2 in. grate. The sewer and drain
pipe carried the manure by gravity to an anaerobic lagoon
where the manure was decomposed anaerobically. The lagoon
effluent flowed through 6 in. sewer and drain pipe into a
20 ft diameter by 10 ft deep aeration basin.
The aeration basin effluent was then returned to the flush
tanks in each of the farrowing buildings with the same kind of
equipment as that in the aeration basin system. Excess water
was irrigated from the lagoon by portable irrigation equipment
to adjacent crop land
Design details of the farrowing buildings are shown in
Figure 6 and Table 2. The features of these buildings were the
same as those in the farrowing buildings previously described
with a few exceptions. Each farrowing building housed 28 sows
and litters. The farrowing pens were longer and narrower.
Only one creep area was provided. Trough waterers with nose
actuated valves provided water for the sows.
The design details for the lagoon and aeration basin are
shown in Figure 6 and Table 2. The lagoon was the primary
treatment device, its function is to decompose and liquify
the manure. The main purpose of the aeration basin (Figure 7)
was to remove obnoxious odors from the lagoon effluent before
it was returned to the farrowing buildings.
Rotating biological contactor system
The flow scheme for the RBC system is shown in Figure 8-
15
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Figure 6. Details of the lagoon aeration basin system,
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Table 2. Details of the lagoon aeration basin system.
It3m
Type
No. buildings
Bldg. dimensions (ft)
Pens per bldg.
Pen size (ft)
Pen slope
Gutter width^(in.)
Aeration Basin
Diameter
Depth
Wall thickness
Material
Hydraulic detention time
@600 gph flow rate
Wall thickness
Material
Lagoon
Depth
Length
Width
Hydraulic detention time
@600 gph flow rate
Design loading rate
All gutters 3 in. deep.
Aeration
Basin
System
Farrowing
2
24 X 128
28
8 X 16
5%
24
20 ft
10 ft
6 in.
Reinforced concrete
20-40 hrs
6 in.
Reinforced concrete
14 ft
100 ft
50 ft
10-15 days
5 lbs VS/1000 ft^-day
17
Figure 7. The 20 ft aeration basin
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Flushing gutters ran the length of the four finishing build
ings along the north wall. Treated effluent flowing down the
gutters removed the manure from the finishing buildings into a
6 in, plastic sewer and drain pipe that carry the manure by
gravity into an anaerobic lagoon. The anaerobic lagoon efflu
ent then flowed into a wet well inside the RBC building. A
sump pump delivered lagoon effluent into the RBC that treated
the lagoon effluent aer®bically. Centrifugal pumps returned
the RBC effluent to the flush tanks located at the head end of
each finishing building.
Details of the finishing buildings and anaerobic lagoon
are shown in Figure 8 and Table 3, The finishing buildings
were designed for animal breeding experiments. The buildings
with the smaller pens were designed to house one litter in each
pen. Each building was designed to house 160 hogs. The build
ings with the larger pens were designed to house 2 litters in
each pen and a total of 320 hogs per building.
Two gas-fired unit heaters in each building provided heat
in cold weather. Ventilating fans provided winter ventilation.
Doors along both sides of the buildings could be opened for
summer ventilation.
The pens were separated by 3 ft high 6 in. concrete walls
except in the gutter area, Hultgren a97D found that hogs defe
cate in areas where they could socialize across a fence. There
fore, to help stimulate the hogs to use the gutter, a rod
19
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Figure 8. Details of the RBC system.
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Table 3. Details of the RBC system.
Item RBC System
Large Smaller
Bldg* Bldgs.
Type Finishing Finishing
No. buildings 2 2
Hogs per bldg. 235 115
Bldg. dimensions (ft) 24 X 128 16 X 128
Pens per bldg. 16 16
Pen size (ft) 8 X 20 8 X 12
Pen slope 5% 5%
a
Gutter width (in.) 30 30
Gutter slope 0.4% 0.4%
Dimensions
Lagoon
Length 150 ft
Width 100 ft
Maximum depth 14 ft
Hydraulic detection time at 1200 gph 15-20 days
Design organic loading 5 lb VS/1000 ft^-day
All gutters 3 in. deep.
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Table 4. Details of the RBC. 
RBC 
Component 
Storage well 
Diameter 
Length 
Operating water volume 
Disk Chamber 
Diameter 
overall length 
Total volume 
Net water volume {clean di s ks} 
Net water volume {1/9 inch 
slime growth on disks ) 
Net water volume (1/4 inch 
slime growth on disks} 
Disk diameter 
Disk thickness 
Disk spacing 
Submerged disk area 
Hydraulic detention time 
@10 gpm flow rate 
Clarifier 
Volume with water at midpoint 
of disk chamber outlet 
Volume with wateL level 3 in. 
above recycle pipe inlet 
Dimensions 
10 ft 
16 in. 
38 cu ft 
10 ft 
13 ft 3 in. 
377.75 cu ft 
259.0 cu ft 
200 . 0 cu ft 
140.0 cu ft 
9 ft 10 in. 
1/2 in. 
1-1/2 in. 
27-1/2 sq ft 
2.1 hr 
214.0 cu ft 
126 . 0 cu ft. 
23
fence was placed in the gutter portion of the wall, allowing
visual contact with the animals in the adjacent pens.
Suck-type waterers were placed in each pen near the gut
ter. The hogs were fed with self feeders.
The pen slope, gutter slope and gutter cross section were
all the same as in the other two systems.
The details of the RBC are shown in Figure 9 and Table 4.
The RBC consisted of 4 sections: influent delivery system,
disk section, clarifier, and effluent return system.
The influent delivery system consists of a sump pxomp that
delivered lagoon effluent from a concrete wet well into the RBC
wet well. One-foot cubic steel bucket mounted on a 4 in. chan
nel connected to the disk shaft delivered lagoon effluent to
the disk section.
In the disk section 104 - 9 ft 11 in. diameter by 1/2 in.
thick compressed polystryne disks were mounted on a common
shaft spaced 1 1/2 in. apart. The shaft was mounted on the
centerline of a 10 ft diameter horizontal drum. The disks were
immersed in the waste water to a level about 6 inches below the
shaft. The upper portion of the disks were exposed to the air.
The disk section was divided by a steel wall between each of
the 4 compartments. Water flowed from one compartment to an
other through 4 in. holes in the steel dividers. The disks
and the cubic buckets were rotated from 2-4 rpm by a 1 H.P.
electric motor. The hydraulic detention time in the disk
section was 2.1 hrs with a 10 gpm flow rate.
24
Microscopic exainination showed that the biological lawn
which consisted of filamentous slime and bacteria developed on
the disks. As the disks rotated through the water, organic
material was attached to and (or) ingested by the organisms.
Oxygen was supplied to the organisms as the disks rotate into
the air. The organisms were then able to metabolize the mater
ial aerobically. The biological lawn continued to grown and
periodically sloughed off. The rotation of the disks kept the
sloughed material in suspension until it reached the clarifier.
Solids settled in the clarifier where a scraper rotated through
the clarifier at about 2 revolutions per hour. The solids are
carried to the anaerobic lagoon for further decomposition. Two
3/4 h.p. centrifugal pumps returned the clarified effluent to
the finishing buildings.
25 
RESULTS AND DISCUSSION 
Aeration basin system 
Historical account of operation . The 5 H.P. aerator 
was installed and began operation July 22, 1971. One farrow-
ing cycle had been completed before the aerator was installed. 
Fresh water was used for gutter cleaning during this time. 
Since the material in the aeration basin had begun anaerobic 
decomposition, a slight acetic odor was apparent after aera-
tion began. A small amount of light weight, light brown foam 
about 12 inches wide and 2-3 inches thick developed around the 
periphery of the basin surface. A brown floe of aerobic organ-
isms had developed in the aeration basin by the end of July. 
This f loc had a slightly earthy odor and settled readily when 
the aerator was turned off. On July 29 the flow rate of the 
effluent returned to each of the flush tanks was reduced from 
5 gpm to 2 1/2 gpm to see how the reduced flushing frequency 
would affect manure removal from the gutters. During this 
time, July 12 until August 30, the hydrant valves had to be 
fully opened every 2-3 days to clean material that had settled 
in the return lines and had clogged the hydrant valve. Manure 
solids, hog hairs, grain hulls and bacteria had to be cleaned 
from the 1/2 in. wire mesh inlet screen once or twice a week. 
Occasionally muskrats and dead grass got caught in the aerator. 
These were easily removed by turning the aerator off or 
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floating the aerator to one side and pulling the material from
the impellers.
Farrowing sows were put into the buildings on August 12,
1971. The sows defecated and urinated in the rest area and
nursing areas as well as in the gutters. The herdsman scraped
the manure into the gutters during his routine work in the
building. This required about 4 minutes per building per day.
The manure was effectively removed from the flushing gutters
when the water ran down the gutters at the one hour flushing
frequency. The sows and baby pigs remained clean and dry. No
baby pigs were lost by being carried from pen to pen or into
the sewer line by water being flushed down the gutter. The
sewer lines in the buildings of all three systems never clogged
during the 11 month test period.
Since the hydrants and return lines had to be cleaned
once a day, the hydrants were left fully open after August 30.
This resulted in a flushing frequency of 2 flushes per hour.
By mid-September, the total solids concentration in the
mixed liquor was about 3700 mg/1. Back-flushing the return
lines with fresh water to dislodge solids from the hydrant
valve and other irregularities in the effluent return systems
became necessary about every 3 days as the total solids con
centration increased above 3700 mg/l. During the last two
weeks in October the total solids concentration increased to
4500 mg/1 and backflushing became necessary every day.
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On November 2, the floating aerators were removed and
returned to the manufacturer for modification. The motor
mounting bolts in the 3 H.P, aerator in the lagoon aeration
basin system had broken 3 times. Since the 5 H.P, motor had
the same size and number of mounting bolts, it was also re
turned. The solids settled readily after the aerator was re
moved and a clear effluent was returned to the farrowing
buildings . No clogging problems occurred after the aerator was
removed.
By November 17, the basin contents had gone anaerobic.
There was a slight acetic odor within 20 ft of the flush tank.
The light odor did not cause problems within the farrowing
building. During this time the water in the flush tank was
also covered with a 3 inch layer of light weight brown foam
from water splashing into the tank.
The buildings were emptied of sows and litters by Novem
ber 19. To prevent freezing of the return lines, the treated
effluent was returned to the flush tanks until mid-December
when the return pump failed.
Sows entered the farrowing buildings again on February 9,
1972. Fresh water was used for gutter cleaning. The aeration
basin remained free of ice in the center all winter except
during one period when the air temperature remained below
10°F for 2-3 days.
Before the floating aerator was reinstalled on March 16,
1972, probing of the bottom revealed that very few solids
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had acctunulated. Since the effluent was about to overtop the
basin walls at this time, the storage lagoon was pumped into
the RBC lagoon. The water could not be irrigated to land
since the soil was still frozen.
By March 20 an aerobic floe had developed in the aeration
basin. The floating aerator operated satisfactorily except
for intermittent electrical failures caused by the thermal
overload opening the circuit. Power and current measurements
indicated that more power and current was being used than the
motor was rated for. The cause of this has not yet been
determined. The aeration basin system did not produce odors
considered to be obnoxious throughout the test period.
The flush tanks in this system as well as the other two
systems operated with very little maintenance. The only main
tenance required was to clean the snifter tube during the last
two weeks in July, 1971. No maintenance was required after
that time.
Water quality. Table 5 shows the quantity of BOD^,
COD, total and volatile solids, and phosphate added to the aera
tion basin during July 22, to November 2, 1971, as well as the
total quantity of these parameters in the aeration basin liquid
before and after the aerator was removed.
The percentage of the various parameters removed may be
somewhat inflated since some of the aeration basin effluent
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may have been discharged into the anaerobic lagoon. The flow
between the lagoon and the aeration basin was not measured.
However, these data do indicate that significant reductions'
in BOD^, COD, total and volatile solids have occurred.
The phosphate reductions may have been caused by aeration
basin effluent running into the lagoon as well as errors in
the estimate of phosphate production.
The BOD^ and COD (Figure 10 & 11) decreased steadily
after operation began as the manure that had been added earlier
was metabolized. No sows were in the farrowing buildings
until August 12, 1972. After that the BOD and COD increased
steadily until November 2, 1971 when the aerator was removed.
A sharp drop was noted in the COD after the aerator was
removed because the solids settled leaving a clear effluent.
The farrowing buildings were empty after mid-November. A
slight increase in BOD^ and COD was measured as the aeration
basin went anaerobic. Apparently as the aerobic cells lysed
they added organic material back into solution. The BOD^ and
COD was low during the winter months December through early
February , but the BOD and COD began to increase as farrowing
sows occupied the building. In mid-March water was transferred
from the storage lagoon into the RBC lagoon to prevent the
aerators from overtopping. Snow melt and rain fall diluted
the aeration basin contents causing the BODg and COD to re
main nearly constant until the end of the test period.
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The total and volatile solids concentration (Figure 12 & 
13) followed a pattern similar to that of the BOD and COD. 
There was no ~ncrease in either of these parameters 2 weeks 
after the aerators were removed as occurred with the COD. 
The total phosphate concentration in the aeration basin 
remained relatively constant from start-up until mid-August 
when farrowing sows entered the buildings. After this time 
the total phosphate increased as manure was added to the sys-
tem. A maximum of 245 mg/l of phosphate was in the system 
just before the aerator was removed. (Figure 13). 
After aerator removal, the phosphate concentration in the 
settled effluent was only 43 mg/l. The total phosphate re-
mained near or below this level throughout the winter. Since 
no animals were in the buildings from December through mid-
February, when animal entered the buildings, fresh water was 
used for flushing which diluted the mixture since some of the 
aeration basin effluent went into the lagoon. After the 
aerator was installed the total phosphate concentration in-
creased only slightly and reached a 64 mg/l by late April. 
Chloride ion concentration was measured to provide an 
indication of salt build-up within the recirculating system. 
Figure 14 shows the chloride concentration in the aeration 
basin effluent versus day of the year. The chloride concen-
tration increased steadily from start up until the last week 
in September when rainfall diluted the liquid. It then 
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increased until the first week in November when the aerator
was removed. At this point the chloride concentration de
creased markedly. Apparently the chloride was tied up in
the settled cells. During the first week in December, a sharp
increase occurred. This coincided with the time the aeration
basin went anaerobic. Apparently, the aerobic cells lysed and
added chloride ions back into solution. After mid-December
the chloride concentration decreased steadily as the temper
ature decreased. During this time the return pump failed and
no fresh water was added to the system. During February
through May, sows were in the building and added chloride
ions but because fresh v;ater was used for flushing, the chlor
ide concentration did not increase as markedly as during July
through November. One would expect the chloride concentration
in the system to reach an equilibrium concentration as excess
effluent is irrigated and some salts are removed (Smith 1971).
Smith (1971) calculated that this equilibrium concentration is
not high enough to inhibit bacterial activity.
While the aerator was in operation, from July 22 until
November 2, 1971, the dissolved oxygen concentration in the
aeration basin was 90-99% of saturation (near 8.3 mg/1)
(Figure 15). During this same period, the pH ranged from 8.0
to 8.5 (Figure 16). From July 22 until August 5, 1971, the
ammonia concentration ranged from 39.0 to 29.4 mg/1
(Figure 17).
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By August 14 the ammonia concentration had dropped to
3-0 mg/1. The ammonia concentration then remained in the range
0.0 to 7.0 mg/1 until November 2, 1971. During this period,
the ammonia was converted to nitrate by nitrification as evi
denced by a corresponding increase in nitrate concentration,
which ranged from 33 to 143 mg/1. During this time the baby
pigs were observed playing in the water and possibly drinking
it, but no health problems due to nitrate toxicity were no
ticed.
After the aerator was removed on November 2, 1971 the
dissolved oxygen in the basin liquid dropped sharply to near
1-0 mg/1. As anaerobic conditions began to develop, nitrifi
cation of ammonia to nitrate no longer occurred. The ammonia
concentration increased while some of the nitrate was reduced
to N2 by denitrification. Anaerobic activity generated organic
acids as evidenced by a drop in pH from 8-4 to 7.5.
During the winter months November 1971 through February
1972, the dissolved oxygen concentration remained near 1.0 mg/1
because of no mixing and a partial ice cover.
Ammonia concentrations decreased markedly after November 20
since the farrowing buildings were vacant and no manure was
added to the basin. Some volatilization of ammonia may have
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occurred or water from the lagoon which had an airanonia concen
tration from 25 - 57.5 mg/1 may have entered the aeration
basin causing some dilution. Nitrate concentrations were near
zero from November 2, 1971 until March 13, 1972. The pH re
mained between 7.5 - 7.8 from November 2 until February 9, By
February 25th the pH had decreased to 7.0. This may have been
caused by bacterial activity produced by warm fresh water and
manure added after animals began occupying the farrowing build
ing on February 9, Acids and CO2 were probably produced
causing a decrease in pH. By April 11th the pH had increased
to 7.8 following the ice cover melt and installation of the
aerator allowing aerdbic conditions to exist. The pH ranged
from 7.4 to 7.7 from April 11th until June, 1972.
After installation of the aerator, the dissolved oxygen
concentration rose from 5.5 mg/1 (40% of saturation) on
March 20 to 11.6 (near saturation) by April 11 where it re
mained until June.
After March 20 the ammonia concentration showed a gradual
decline. Because of analytical difficulties, no nitrate
analysis were made. However, one may suspect that nitrifica
tion may have occurred as well as some ammonia volatilization.
Organic nitrogen (Figure 18) showed a general increase
from July 24 through November 2, 1971 corresponding to
the increased solids concentration. After the aerator was
removed, the solids settled and the effluent contained less
organic nitrogen. When the aerator was reinstalled on
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March 16, 1972, an increase in organic N occurred since the
accumulated manure was mixed with the liquid.
Lagoon-aeration basin
Historical account of operation. The 3 H.P. floating
surface aerator was installed July 22, 1971. One farrowing
cycle had been completed before the aerator had been installed.
Fresh water was used to clean the gutter during this time. No
odor was noticed from the aeration basin after it began oper
ation. A light white foam about 2-3 ft. high and 2 ft.
wide developed around the periphery of the basin liquid sur
face. The 1/2 inch wire-mesh screen on the pump inlet pipe
had to be cleaned of dead grass and hog hair once or twice
each week.
On July 29 the flow rate of the return effluent to the
flush tanks was reduced from 5 gpm to 2 1/2 gpm (1 hour flush
ing frequency) to see how the reduced flushing frequency
affected manure removal from the gutters. During this time,
the hydrant valves had to be fully opened every 2-3 days to
remove material that had settled in the return lines and clogged
the hydrant valve.
Sows entered the farrowing buildings on August 12, 1971.
They were not efficient in their use of the flushing gutters
primarily because of pen design. The pens were 4 1/2 ft. wide
(Figure 6 ). A450-500 pound sow 4 1/2-5 ft. long therefore,
could not conveniently get the full length of her body in the
45
gutter. A sow would stand with her front feet in the . .
gutter and root in the running water. Her feces and urine
were dropped on the pen floor 2-4 ft. from the gutter. This
resulted in the pens being generally damp cind dirty. The
sows and baby pigs were frequently damp and dirty. This re
quired daily manual scraping of manure from the pen into the
gutter. This required about 10 minutes per building per day.
Once in the gutter, the manure was efficiently removed
from the gutters when the one hour flushing frequency was used.
Since return line cleaning was required at the reduced flow
rate, the valves were left fully open after August 30, 1971 to
avoid having to clean the return lines and valves. After this
was done, the only maintenance required was to clean the pump
inlet screen and close and open the hydrant valves once or
twice each week to be sure the return line was not becomming
clogged. Occasionally muskrats, dead grass, or corn leaves got
caught in the aerator, but were easily removed. The aerator
was sent back to the manufacturer for modification on November 2,
1971 because of motor mount failure on three prior occasions.
Few problems were encountered with returning the effluent to
the flush tanks while the aerator was not operating from
November 2, 1971 until March 31, 1972. During the winter, an
ice cover from 1-8 inches deep developed in the aeration basin.
The pump inlet pipe operated below the ice cover with no plug-
ing problems. No odors from the return effluent were noticed
in the farrowing buildings.
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From mid-April until early June there was a slight odor
from the anaerobic lagoon as spring overturn occurred and an
aerobic activity began to decompose the manure that had acciam-
ulated through the winter. The effluent returned to the far
rowing building did not cause any odor problem in the build
ings, however. A survey of sludge accumulation on the bottom
of the anaerobic lagoon revealed virtually no solids accumula
tion on the lagoon bottom.
On April 8, irrigation of excess lagoon effluent to adja
cent crop land began. No odor was noticed during this opera
tion.
No odors were noticeable from the aeration basin while the
aerator was in operation. Apparently the odors, if present,
were emitted slowly enough and at low enough concentrations,
that no odors were noticed.
Water quality. Table 6 shows the quantity of BOD^,
COD, total and volatile solids, and phosphate added to the
lagoon aeration basin system from start-up on July 22, 1971
until March 16, 1972 when excess water was removed from the
system. The table also shows the quantity of these various
parameters in the system when excess water was removed as well
as the total amount that was actually removed. The BOD^, COD,
and total and volatile solids reduction was quite satisfactory.
Only 5,3,16, and 4% of the BOD and COD, total and volatile
solids respectively that were produced was applied to the land.
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The remainder was stored in the lagoon or had been metabolized
to methane, carbon dioxide and water.
As one would expect, essentially no phosphate was removed
in the lagoon.
Because the aeration basin was designed primarily to
remove odors from the lagoon before returning effluent to
the farrowing houses no sludge recycle was practiced. Since
the hydraulic detention was only around 30 hours, solids
buildup was low, and the reductions in BOD^ and other para
meters was insignificant. The reductions in the seime para
meters for the anaerobic portion are slightly higher than
those reported for similar lagoons (Willrich 1966, Smith 1971).
This is because the system was not continuously fully loaded
allowing the bacteria to metabolize the material more com
pletely. Farrowing sows in cycles is quite common in swine
production facility. No problems with this operation became
apparent during this test period. However, this system should
be tested under continuous full-load conditions to see if
odor problems or other problems occur.
The BOD^, COD, total and volatile solids concentration
{Figures 19,20, and 21) in the lagoon and the aeration basin
showed a general increase as manure was added to the lagoon.
After the sows were removed, these parameters showed a sharp
decrease as the bacteria metabolized the organic material that
had accumulated. This illustrates how quickly anaerobic or
ganisms can metabolize organic material. The COD total and
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volatile solids remained relatively constant from December
through early March, The BOD^ showed a steady increase from
January through early March. This rise corresponds with sows
being in the farrowing buildings from late January through
early May.
BOD^, COD, total and volatile solids all decreased after
mid-March when excess water was being removed and snow melt
and rain water diluted the liquid. The farrowing sow popula
tion also declined steadily during this time.
The total phosphate concentrations in the lagoon and aera
tion basin was nearly equal and remained constant in the range
20-25 mg/1 from start-up until mid September. Then the concen
tration increased to the range 30-45 mg/1 and remained here
through the remainder of the test period. (Figure 22 & 23).These
concentrations are somewhat lower than one would expect normally
since the lagoon was diluted with fresh water from the aeration
basin system causing the concentrations to be depressed.
While the sows occupied the building from August 26 to
October 26, 1971 the chloride concentration increased steadily
(Figure 24), then remained relatively constant throughout the
winter. The fluctuation in the chloride concentration was
probably caused by sampling errors while there was an ice
cover on the lagoon and aeration basin. On March 16, lagoon
effluent was pumped to the RBC lagoon. Snow and ice melt and
rain water then diluted the lagoon and aeration basin effluent
thus lowering the chloride concentration. Since no animals
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occupied the farrowing buildings after April 11, the chloride
concentration remained constant.
From July 22 until November 2, 1971, the pH in the lagoon
(Figure 25) was relatively high,fluctuating from 8.0 to 8.6.
The aeration basin pH (Figure 26) fluctuated between 8.4 and
8.8 during the same period. This slightly higher range for
the aeration basin was probably caused by liberation of CO2 as
aeration occurred. After March 31, when the aerator was rein
stalled, the pH increased in both the lagoon and aeration
basin because CO2 was again liberated.
The ammonia concentration remained low and fluctuated
from near zero to 50 rng/1 from start-up until the last week
in February. From late-February until mid-April sows occupied
the farrowing buildings. The ammonia concentration in the
lagoon and aeration basin increased slightly to a range between
5 and 7 mg/1. No decrease in ammonia concentration was measured
from the lagoon to the aeration effluent (Figure 27).
The nitrate concentration in the lagoon was 7.7 mg/1
during mid-August (Figure 28), During this time the COD was
low and aerobic conditions prevailed in the lagoon (Figure 19),
This allowed the nitrifying organisms to convert ammonia
to nitrate- The nitrate concentration in the aeration
basin was at this same level. During late August, sows occu
pied the farrowing buildings and placed a higher organic load
on the lagoon. The dissolved oxygen concentration remained
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below 1.0 itig/l after this time. Since nitrifiers are not able
to live under anaerobic conditions, the nitrate concentration
decreased in the lagoon.
The solids retention time in the aeration basin was not
long enough to retain a population of nitrifiers and the ni
trate concentration decreased in the aeration basin. After
the farrowing buildings were vacant, the manure that had accum
ulated in the lagoon decomposed and the dissolved oxygen (D.O.)
concentration in the lagoon increased to 5.4 mg/1 on Nov. 9
(Figure 29). After aerator removal, the aeration basin became
an extension of the lagoon and the C.O. concentration in the
basin was the same as that in the lagoon. A nitrifier popula
tion was able to establish itself in the lagoon and the nitrate
concentration in the lagoon reached 9.1 mg/1 on November 9.
When the temperature dropped in late November, the nitrifiers
became inactive and the nitrate concentration decreased.
What has just been described is a start-up phenomenon
since one would expect a heavier organic loading situation
in an established operation. The nitrifying organisms cannot
compete for dissolved oxygen as effectively as organisms that
metabolize carbonaceous material.
The organic nitrogen concentration (Figure 30) showed a
gradual increase from late August until mid to late-October
while animals occupied the buildings. A slight decline in
early October reflects the lower animal population in the
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63 
system during this period. After late October, the organic 
nitrogen concentration remained relatively constant within the 
range 7-15 mg/l . 
When a n i ma l s occupied the buildings, again, after late 
February, the organic nitrogen began to increase. After 
April 11, the system was unoccupied and the organic nitrogen 
concentration decreased as the waste material was decomposed 
and as rain water diluted the liquid. 
REC system 
Historical account of operation. The start up for the 
RBC system began July 22, 1971 and lasted 1 1/2 months . The 
biological lawn began as a light brown slime growth on all the 
disks. Within a week, the brown groth began to change to a 
chalky white growth at the outlet end of the disk section . 
During this time, a very heavy gray and white, marbled slime 
developed on the clarifier scrapers. The chalky-white growth 
on the disks gradually developed toward the inlet end of the 
disk section. As this occurred , the heavy slime disappear ed 
from the clarifier scrapers. One month after RBC operation, a 
1/8 inch thick, grayish brown, filamentous slime growth began 
to develop at the outlet end of the desk chamber. Within two 
weeks, this growth had established itself on all the disks . 
Lagoon effluent splashed into the sump from the overflow 
pipe a nd a e r a t ed the l agoon efflue nt. (shown in fig. 31). During- -
64
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sump
pump
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Figure 31. RBC overflow for wet well water level control.
Lagoon
effluent
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the first four (4) weeks of operation, this aeration released
large quantities of hydrogen sulfide (detected witn moist lead
acetate paper) that caused a distinctly objectionable odor.
This odor dissipated after 4 weeks of operation.
Only a few mechanical problems were encountered from
start-up through December. The drive and driven pulleys on
the clarifier solids scraper were causing the drive belt to
break. After proper adjustments were made, no further prob
lems occurred. The sump pump which delivered lagoon effluent
to the RBC was off periodically during November because of a
thermal overload. The motor current was found to be above the
recommended level. Further examination of the pump revealed
that a deposit of calcium carbonate had clogged the impeller
causing a drag force on the impeller.
By the first week in December the odor of an outdoor privy
had developed inside the RBC building and outside the building,
especially near the exhaust fan. This odor prevailed through
out the remainder of the operating period. No odors were de
tected from the anaerobic lagoon during 1971.
The effluent returned to the hog buildings was not odor
less but caused no odor problems in the buildings. The re
turned effluent was easily pumped and caused few clogging prob
lems when the hydrant control valves were full-open.
The finishing animals were intrigued by the flushing
water and made efficient use of the flushing gutters. They
66
defecated and urinated in the gutter a large percentage of the
time. In the buildings with the smaller pens, an area 1-1 1/2
ft wide next to the gutter remained damp and contained an occa
sional dropping. The dampness was primarily from the pigs'
wet feet as they walked from the gutter. The dcunp and dirty
area in the larger pens was more extensive (Figure 32). This
damp area decreased as the pigs grew and occupied more of the
area for sleeping. The animals in all the buildings remained
clean and dry.
The treated effluent discharged into the gutters effec
tively cleaned the manure from the gutters, except for a
in. high by 6-8 in. wide wedge of manure that remained
along the outside edge of the gutter, until mid November. At
this time, manure began to accumulate in the lower end of the
gutter. Apparently insufficient energy was left in the run
ning water by the time it reached the lower end of the gutter
to transport all the manure from the gutter. The total weight
of hogs in the buildings had increased to 65,000 lbs by this
time. Flushing frequency was increased to try to remove the
manure but was not successful. The manure was manually loos
ened daily in the gutter and extra water flushed down the gut
ter to remove the manure from the building. This occupied one
man for two hours to remove the manure for 580 hogs. As the
total weight of animals in the buildings decreased, manure
accumulation became less a problem.
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Laursen (1958) found that the sediment carrying capacity
Tp (weight/unit volume) of flowing water is approximately pro
portional to the 5th power of the flow velocity (V). That is
.5TpaV-
From the Meyer and Weschmier's assumption that
one can deduce that
Tp =
where
S = channel slope (L/L)
Q = Discharge (L^/T)
Sp= A soil constant that accounts for the effect of
size and density on the soilds transport
ability
One should note that manure has a considerably lower specific
gravity than soil, thus bouyancy forces may also be important.
From this, it appears that the ability of the water running
down the gutter to remove manure should be sensitive to channel
slope and the rate, Q, at which water is discharged into the
gutter. Increasing the discharge rate of treated effluent into
the gutter needs to be explored to see if this can improve
manure removal. The flushing gutter (Unit K) reported by Smith,
Hazen, and Miner 1971 had a slope of 1 ft in 120 ft or .83%
and operated satisfactorily with a 110 gallon flush every hour.
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One difference in their building was that the weight of ani
mals per foot of gutter was smaller than the Bilsland site, the
reason being that at Bilsland the buildings were filled with
30-50 lb. pigs at the beginning of a growing cycle. These
animals then remained in the buildings until they reached
market weight. At Unit K, market weight animals are continu
ally being removed and replaced with animals weighing 20-40
pounds*.
Further work is needed to find an optimum gutter, slope,
gutter cross section, and discharging rate for manure removal.
During mid-December calcium carbonate and (or) magnesium
ammonium phosphate had deposited on the sump pump enough that
the impeller would no longer turn. This deposit was chipped
from the impeller housing and the pump returned to operation.
The pump remained in operation for three months before it had
to be cleaned of the crystals again. Inability to service the
pump in place made the problem more severe. About 7 man hours
were needed to service the pump.
During mid-January calcium carbonate crystals 1/8 in.
long by 1/32-1/16 in. in diameter appeared as yellow-brown
crystals in the disk section. These crystals entered the clar-
ifier and settled readily. However, the sludge scraper did
not remove the calcium carbonate crystals effectively. The
scraper picked up the crystals as it passed through the bottom
of the clarifier. As the scraper lifted from the water, the
water in the crystal interstices escaped rapidly and the
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crystals adhered to the scraper in a cohesive mat. As the
scraper continued its circle, the scraper tipped upside down
and the calcium carbonate crystals fell from the scraper back
into the clarifier. The calcium carbonate crystals accumulated
in the disk section enough that the biological lawn was scraped
from the periphery of the disks as they passed through the
accumulated crystals on the bottom of the disk section. These
crystals had to be removed from the RBC every 10-15 days from
mid-January until mid-April. Removal required opening the
drain valves, completely draining water from the RBC, and then
hosing the crystals from the RBC through the drain valves to
the floor. The crystals were then scooped from the floor and
carried from the building. This required about 8 man hours of
labor.
The following analysis was conducted to shed some light
on the calcium carbonate problem.
Temperature = 5°C, Dissolved Solids 2200 mg/1
Calcium Hardness = 2300 mg/1 as CaCO^
Total Alkalinity = 1500 mg/1 as CaCO^
pH = 8.0
Chemical equilibriums of CaCO^ showed that calcium carbonate
should indeed precipitate. Apparently the mixing of the
the disk section adds enough energy to cause
crystallization to occur.
For the RBC to be an effective treatment device for
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treating lagoon effluent, the problem with precipitation of
calcium carbonate must be overcome. One alternative may be to
precipitate the calcium carbonate before the liquid enters the
RBC- The precipitated crystals would then have to be disposed
of at that stage. Another option would be to find a convenient
means to remove the precipitated crystals from the RBC as they
form. This could possibly be done by installing 4 corrosion
resistant metal rods equally spaced on the periphery of the
disks. The scraper should be redesigned so that the sides of
the scoops form an angle 30-60° with the horizontal as they
leave the water surface. This would cause the crystals to
enter the sludge scraper and be removed rather than accumulate.
Then the calcium carbonate would be returned to the lagoon and
not removed from the system, however it might al}.ow more satis
factory operation of the RBC.
During mid-March crystals began accumulating in the hose
that delivered treated effluent to the flush tanks and had to
be removed periodically. By mid-April the return flow rate
had significantly decreased. The return lines were acid
cleaned with a 1% solution of glacial acetic acid which had a
pH of 4,5, This removed the crystals and the normal flow rate
was regained.
During November through April, the drive chain and
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sprockets wore faster than normal. The sprockets and chains
were enclosed in a housing containing oil for chain lubrica
tion, however water splashed into the housing and displaced the
The chain, then, frequently ran in lagoon effluent caus-
the chain to corrode and become inflexible causing accel
erated wear. Misalignment of the sprockets also contributed
to this chain wear problem. New sprockets, drive chain,
motor mounting, and a wick-type chain oiler were installed.
The drive mechanism has since operated satisfactorily.
Another constant chore was to tighten the packing on the
return pumps every one or two weeks to prevent leakage. This
packing was replaced once during the 11 month test period.
Water quality
Table 7 shows the BOD^, COD total and volatile solids,
and total phosphate produced by the finishing hogs; the quan
tity of these parameters that were in the system just before
irrigation began; and the quantities applied to the land
through irrigation. The BOD^, COD and total and volatile
solids reduction is similar to that found by Willrich, 1966
and Smith, Hazen and Miner 1971 for anaerobic lagoons. The
total phosphate reduction is somewhat more than one would ex
pect. However, some phosphate removal has been observed by
others (Smith 1971). This has been attributed to precipitation
of magnesiiam ammonium phosphate.
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Of the total BOD^, COD, and total and volatile solids only
8,6,8, and 5 percent respectively of that produced was actually
applied to the land. Therefore, significant treatment of the
carbonaceous fraction has occurred. As will be shown later
most of this removal occurred in the anaerobic lagoon.
Finishing animals had occupied the buildings for 2 months
before the RBC began operation. Fresh water was used for gutter
cleaning during that time. The anaerobic lagoon effluent BOD^
(Figure 32) ranged from 250-86 mg/1 while the COD (Figure 33)
ranged from 820-377 mg/1 from July 24, 1971 until the first
week in November 1971, The COD landing ranged from 72-75 lb
COD/day/1000 ft^. As the lagoon water temperature (equal to
RBC influent temperature shown in Figure 34) decreased anaer
obic activity decreased and the BOD^ and COD increased from
early November until mid-March. During this time the largest
SOD^ reduction measured was 50% which occurred through November
and December. No BOD^ or COD removal was measured from mid-
January until late March and early April when a maximum of 27%
^0^5 removal was measured. This occurred after dilute water
from the aeration basin lagoon was pumped into the RBC lagoon.
The BODg and COD concentration continued to increase until mid-
April, After mid-April anaerobic activity increased, the
finishing hogs were removed from the buildings, and the BOD and
COD concentration decreased. Virtually no BOD^ or COD removal
was measured in the RBC from mid-?.pril until early June, The
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flow rate through the RBC was 10 gpm at this time. During
the period mid April through June the COD loading rate ranged
from 1012 dovm to 783 lb CCD/day/ 1000 ft^.
Welch's data would indicate that the RBC was overloaded
during this time and one could not expect more than 30% COD
reduction (Welch 1969). From these data even if the disk
speed were doubled, the COD reduction would not be above 35%.
Again from Welch's data, one could estimate that the loading
rate would need to be reduced by 1/2 to 2/3; and to maintain
the 10 gpm flow rate needed for gutter cleaning, the disk
chamber volume would have to be doubled or tripled to decrease
the loading rate sufficiently. This larger, more expensive
equipment may not be economically justified.
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The total and volatile solids concentrations in the
lagoon effluent and RBC effluent (Figure 35) remained rela
tively constant from late July until early November 1971.
After early November, temperatures decreased and both the total
and volatile solids increased in the RBC influent and effluent
until mid-March. Only slight reduction of total and volatile
solids were measured through the RBC during this time. After
dilution on March 16, 1972, the total and volatile solids con
centration remained constant since the finishing buildings
were vacant from early April until early June. Virtually no
change in solids concentration occurred through the RBC-
The pH fluctuated between 7,8 and 8,2 throughout the last
period. From late July until mid-September 1971, the RBC in
fluent pH was lower than that of the effluent. From mid-
Septen\ber until late December, this situation reversed. During
January and February 1972, the effluent and influent pH were
nearly equal. During warmer weather from March to June anaer
obic activity in the lagoon depressed the RBC influent pH. As
the effluent was aerated in the RBC the pH increased-
The dissolved oxygen concentration (Figures 36 and 37) in
the RBC influent and the effluent fluctuated between less than
1 mg/1 to 4 mg/1. During September through November, 1971,
the organic load was low enough that 1-3.8 mg/1 was maintained
in the RBC effluent. After November, the RBC was loaded more
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heavily and the D.O. in the effluent remained below 1 mg/1.
The C.O. in the disk chamber varied from 1-4 mg/1.
During the early period of operation, July through
October, the lagoon was operating aerobically and was able
to support nitrifying organisms, and the RBC influent contained
up to 9.4 mg/1 nitrate. (See Figure 38). As the temperature
decreased, nitrification slowed in he lagoon. During November
and early December, 1971, a nitrifier population was able to
establish on the RBC disks since the BOD^ was low enough that
nitrifiers could compete effectively for oxygen. The nitrate
concentration in the RBC effluent reached a maximum of 47.6 mg/1.
This is a start-up phenomenon and should not occur during
normal operation with heavier organic loading. Nitrate concen
trations remained near zero for the remainder of the test
period.
The ammonia concentration (Figure 39) followed the same
general pattern as did the total and volatile solids. Ammonia
removal occurred only while nitrification occurred during
November and early December 1971. Organic nitrogen (Figure 40)
ranged from 12.6 to 100 mg/1 throughout the test and followed
the same general trends as the solids concentration.
The effluent chloride concentration was nearly the same
as that of the influent concentration (Figure 41 & 42) . The
chloride concentration remained fairly constant from July to
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November, 1971. It then began to increase until the lagoon
liquid was diluted on March 1, 1972. After hogs were re
moved from the buildings, the chloride constant remained con
stant until the end of the test. One would expect the chlor
ide concentration in this system to reach an equilibrium as
excess effluent is irrigated and some salts are removed. This
equilibrium will probcibly not be such that it will be toxic
to bacteria (Smith 1971).
The total phosphate concentration did not change appre
ciably as the lagoon effluent flowed through the RBC. (See
Figures 43 and 44). The total phosphate remained relatively
constant from July through November 1971. From early December
until early March, the phosphate concentration increased as
manure was accumulating in the system. During mid-March the
lagoon was diluted by water from the lagoon-aeration basin
system and the total phosphate concentration decreased. These
concentrations were never in a range that would cause toxic
effects to bacteria.
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EVALUATION AND SUMMARY
A waste management system has four primary functions:
1. Sepu.ration of the manure from the animals
2. Transport of the waste materials from the
buiIdings
3. Treatment of the manure
4. Final disposal or utilization
In performing these functions the system should be com
patible with the environment. Water should not be contam
inated beyond the point where it can be re-used and (or) re
newed, Obnoxious levels of odor should not be emitted that
offend neighbors, workers, or owners. Toxic gases should not
be emitted. Insects and air born diseases should be controlled.
The system must be compatible with animal psychology and physi
ology by allowing for and taking advantage of animal habits as
well as physiological limitations. Animal contact with disease
organisms and toxic gases and liquids should be minimized. The
waste management system should be compatible with an animal
production management scheme by providing some flexibility in
animal mangement. Labor and maintenance requirements should be
minimized. Only a reasonable technical and management skill
should be required to operate the system. Fixed and variable
costs should be minimized.
The effectiveness of the manure separation and transport
system in each of the three systems will be evaluated in terms
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of the following criteria,
1. The system should permit quick separation of
the manure from animal contact thus removing
a source of disease organisms or toxic materials.
2. The manure should be removed from the building
thus removing a source of odors and toxic gases.
3. Minimum energy in the form of manual labor,
and other energy forms should be required,
4. The system should be simple in design so that
it can be easily assembled from readily available
materials by local skills thus minimizing con
struction costs.
5. It should contain few moving parts to minimize
maintenance.
The flushing gutter system permitted quick separation of
the animal from contact with his waste materials in the finish
ing buildings and in the farrowing buildings with pens that
permitted the animal to get the full length of her body into
the gutters. The hogs and pens remained clean and dry.
The farrowing sows did not use the gutters as diligently,
however,the nursing area, sow and baby pigs remained generally
clean and dry.
The animals in the farrowing buildings with the narrower
pens were not separated from their waste materials as effective
ly, primarily because of pen design. The animals would play
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in the gutter with their front feet in the gutter and deposit
their waste materials 2-3 ft from the gutter. This resulted
in pens, sows, and baby pigs that were often damp and dirty.
Designing and constructing the pen so that the animal
can get the full length of its body in the gutter is impor
tant to enable the animals to place their waste materials in
the gutter. Closer confinement of the farrowing animals in
farrowing stalls for example, would insure that the wastes be
placed in a know a location, however the expense of doing this
for waste handling purposes may not be justified since only
minimal labor was required to move the manure into the gutter.
In both the farrowing and finishing buildings, the ani
mals were able to be in contact with the manure primarily while
cleaning water was running down the gutters. One may be con
cerned that this water and manure running from one pen to
another may spread disease. This was not a problem in any of
the farrowing buildings. An outbreak of scours occurred in
the finishing buildings in June 1971. Diseased animals became
dehydrated and were observed drinking the water running down
the gutter. This may have been a complicating factor in the
disease problem, however there is not enough evidence to sup
port this. Smith, 1971, reported an outbreak of T.G.E. in a
swine finishing building. He found that virus was able to
survive treatment in anaerobic lagoon. He did not present any
evidence suggesting that flushing gutters complicated disease
problems.
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The manure was quickly removed from the farrowing houses
by treated effluent running down the gutters once the manure
was placed in the gutters. Very little labor was required to
keep the gutters clean.
Baby pigs being flushed down the gutters seems to be no
problem especially if the pigs are over 3-5 days old.
Manure was quickly removed from the finishing houses and
very little labor was required to remove the manure until the
total weight of animals in the buildings was about 68,000 lbs.
While the total weight of animals was above this weight, 2 man-
hours per day were required to scrape the manure from the gut
ter. The slope of these gutters were 0.4%. The velocity of the
water decreased as it moved down the gutter. The performance
of these gutters may be improved by adding another flush tank
midway down the gutter. Since the water from the second flush
tank would not travel as far the velocity would be faster and
better able to remove the waste materials. New flushing gutters
should be constructed on a 0.8 to 1% slope to increase the ve
locity of water down the gutter. A 0.4% slope and a 150 gallon
flush in one minute every 1 hour seems sufficient in farrowing
buildings since the animal density is not as great.
The flushing gutters and flush tanks were easily con
structed from readily available materials and could be con
structed by local skills. The gutter was formed concrete.
The flush tanks were common stock tanks, while the closing
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siphons were made of plastic pipe and plumbing parts. These
materials are all easily acquired and are very simple to work
with. Except for the pumps the entire system has no moving
parts. The advantage of no moving parts is best shown by the
fact that the dosing siphon needed no maintenance after some
initial modifications. The pipe that carried the manure from
the buildings to the treatment device never clogged.
The following criteria will be used to evaluate the
effectiveness of the waste treatment systems.
1. The treatment system should minimize air and
water pollution from wastes that animals produce
and should conserve the use of potable water.
2. If recycled, the effluent should be easily
handled by commonly available equipment, cause
no obnoxious odors in or around the production
buildings, contain no toxic materials or disease
causing organisms, and have fluid properties that
enable it to efficiently transport the manure.
3. The waste treatment system should require minimum
maintenance, labor, and technical management skill.
One of the major attributes of the aeration basin system
is that the aerobic system is odorless. Tnsections were not
a problem near this system. These attributes make this system
acceptable near populated areas.
An anaerobic lagoon was part of the lagoon-aeration basin
system and the RBC system. These lagoons emitted some
95
undesirable odor from mid-April until early June. This makes
these two systems undesirable near heavily populated areas,
while these odors may be tolerable to work around. The 20 ft
aeration basin caused no odor problems. The RBC, on the other
hand, was a constant source of odor.
Insects were not a problem around either of these systems.
The excess water, from all three systems, irrigated to
crop land caused no odors during application and caused no
apparent damage to the corn grown in the application area.
Koelliker's work indicates that 95%, 99"*"%, and 99^% of the COD,
ammonia - N, and total phosphate are removed (Koelliker, 1971).
This provides excellent water treatment with no odor problems.
It would appear that this is a satisfactory method for dis
posing of excess water. However, more investigation is needed
to determine more precisely what affect this effluent has upon
crops, soil, ground water, and tile water.
The 40 ft aeration basin and anaerobic lagoons have been
shown to be effective in removing carbonaceous materials from
the swine wastes. During the first 3 months of operation, the
40 ft aeration basin removed approximately 97% and 90% of the
BOD^ and COD,respectively, that was added. The anaerobic
lagoon associated with the 20 ft aerator removed 92% and 96%
of the BOD^ and COD respectively that was added during the
entire test period July 1971 to June 1972. The RBC lagoon re
moved 73% and 83% of the BOD^ and COD during the entire
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test period. The RBC itself removed very little oxygen de
manding material. It removed only 50% of that BOD_ added to
it from November to early -December. It removed only a negli--
gible amount of BOD^ for the remainder of the test period.
The treated effluent returned to the swine buildings in
all three systems was acceptable for use as cleaning water.
No objectionable odors, or animal health problems were en
countered that could be directly related to the treated efflu
ent. Its fluid properties were such that it was able to re
move manure from the gutters.
The 5HP floating aerator functioned satisfactorily
throughout the operating period. The major problem associated
with the aeration basin system was the inability of the sys
tem to dependably return the high solids effluent to the flush
tanks. Return lines and flow control equipment should be con
structed with the smoothest, reasonably priced material avail
able and contain an absolute minimum number of constrictions
and rough connections as possible, to prevent solids from
clogging in the return lines. Pumps within the 1/2 to 2 HP
range that can continuously pump effluent that contains hog
hairs, grain hulls, manure solids, and bacteria are needed.
Efficient, low cost pumps meeting these criteria have not yet
been found.
The effluent was successfully returned to the farrowing
buildings during the winter while the aerator was not operating.
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While manufacturers have claimed that the aerator will operate
throughout the winter, it seems that the possible extra main
tenance problems are not justified. During cold weather very
little bacterial activity occurs thus only minimal oxidation
of organic material occurs. The settled effluent that is a-
vailable without aeration is satisfactory for gutter cleaning.
However, operating with no aeration during the winter
with heavier manure loading should be investigated, since no
animals were in the farrowing buildings for nearly 3 months of
the winter during this testing period. Manure accumulation
may become a problem in the spring.
The treated effluent from the lagoon-aeration basin system
was returned to the flush tanks with few problems. All that
was required was to clean the pump inlet screen once or twice
per week and check the flow rate to be sure the return lines
were not becoming clogged. The effluent was pumped during the
winter months with no problems.
Aeration of the lagoon effluent removed the odors from the
lagoon effluent before it was returned to the farrowing build
ings. However, it may be possible to return lagoon directly
to the flush tanks without causing odor problems. If undesir
able odors occur, perhaps the effluent could be aerated as it
enters the flush tank. The flush tank could be covered so that
the odors could be vented outside the building.
Further development and operating knowledge is needed for
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application of the Rotating Biological Contactor for treating
lagoon effluent. While the RBC effluent was easily returned
to the flush tanks, the RBC has presented several operational
problems. The precipitation of calcium carbonate and (or)
magnesium ammonium phosphate caused the sump pump failures
The calcium carbonate that precipitated in the disk section
had to be removed every 10-15 days from January through March.
The disk drive assembly needs modification to improve chain
and sprocket life. Proper loading and operating conditions
for optimum BOD^ removal need to be understood more completely.
Since the RBC does not function well during the winter, provi
sions for by-passing the RBC must be made so that lagoon efflu
ent can be recirculated, thus avoiding the expense of operating
the RBC during the winter.
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APPENDIX 1
Sampling procedure
All samples were grab samples placed in 500 ml plastic
sample bottles and taken to the laboratory for analysis within
30 minutes or stored in a refrigerator for analysis the next
day. From July 22 until the end of October samples were taken
every week.
The 40 ft aeration basin sample was taken within 4 ft of
the edge of the basin. The sample from the lagoon in the la
goon aeration basin was taken from a dock that extended 15 ft
from the waters edge into the lagoon and was located where the
lagoon effluent enters the aeration basin. The aeration basin
sample was taken within 4 ft of the edge of the 20 ft basin.
The RBC influent sample was taken from the overflow pipe which
controls the water level in the RBC wet well. The RBC efflu
ent sample was taken from the clarifier where the effluent en
ters the effluent return line.
Water analysis
Biochemical oxygen demand and chemical oxygen demand.
The BOD and COD determinations were made according to Standard
Methods (1965).
Total and volatile solids. The procedure for residue
on evaporation and total volatile and fixed residue outlined
in Standard Methods (1965) was followed.
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Aimnonia nitrogen. Ammonia-N was determined according
to Bremner and Keeney (1965). Distillation was continued until
50 ml of distillate was collected. A 20 ml sample was used.
The distillate was titrated with 0,02N sulfuric acid.
Nitrate and nitrite nitrogen. After the ammonia-N
had been distilled from the sample Devarda's alloy was added
to the sample. Fifty ml of distillate was collected then
titrated as in the ammonia-N determination.
Kjeldahl nitrogen. The procedure for determinating
Kjeldahl-N described in Standard Methods (1965) was used ex
cept that copper selenite was used for the catalyst instead of
mercuric sulphate. The following modifications were also made:
20 ml samples were used, ammonia was not removed, 10 ml of
2% boric acid was used, and 50 ml of distillate was collected.
Organic nitrogen was then calculated by subtracting the ammonia
concentration from the Kjeldahl-N concentration.
Total-phosphorus. The method described by Murphy and
Riley (1962) was used. The reagents used were distributed by
Hach Chemical Company, Ames, Iowa. All samples were diluted
to contain 0-1 mg/1 of total phosphate before they were di
gested.
Chlorides. Chlorides were measured using the mercuric
nitrate/diphenylcarbazone method outlined in Standard Methods
(1965). To overcome interference from sulfates, 2 ml of a
50 g/1 Barium Nitrate solution and a 2 ml of a 1 in 4 dilution
of concentrated nitric acid solution were added to a 50 ml
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sample. The sample was then shaken vigorously from one minute,
let settle for 30 minutes, then centrifuged for 2 minutes.
The Supernatant was then titrated as per Standard Methods.
pH. The pH was measured with a Fisher model 320 ex
panded scale research pH meter in the laboratory.
Dissolved oxygen and temperature. The D.O. and temper
ature was measured at the waste treatment location using a
Yellow Springs Model 40 oxygen meter.
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Table 8, Weights of animals in the aeration basin system for
various dates.
Date # Sows
8-26-71 13
•i*wwvA^ rfw#
6980
8-27-71 13 6980
8-30-71 13 6980
8-31-71 7 3710
9-3-71 20 10373
9-13-71 27 14772
9-17-71 28 15470
9-21-71 22 12771
9-24-71 26 14755
9-28-71 26 14118
10-2-71 28 15386
10-12-71 28 15316
10-15-71 28 15498
10-25-71 23 12031
11-9-71 21 11031
2-9-72^ 24 13080
2-29-72 28 15260
3-13-72 18 9810
3-21-72 14 7630
4-11-72 27 14715
4-24-72 25 13625
5-1-72 7 3815
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Table 9, Weight of animals in the lagcon-aeration basin system
for various dates.
Date
8-26-71
# Sows
47
Total Wt.
19975
8-27-71 46 19540
8-30-71 40 17000
8-31-71 26 11050
9-2-71 24 8822
9-13-71 24 9126
9-17-71 32 13480
9-21-71 24 9384
9-24-71 23 10097
9-28-71 15 6180
10-2-71 12 4740
10-12-71 10 4070
10-15-71 10 4070
1-26-72 *7
/ 2891
2-9-72 28 11564
2-29-72 42 17346
3-13-72 28 11564
3-27-72 35 14455
4-11-72 21 8673
4-20-72 21
8673
4-24-72 21
8673
5-1-72 o
826
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Table 10. Weight of animals in the RBC system for various
dates.
Date # Hoqs Total Wt.
5-19-71 40 1296
5-26-71 40 1737
6-2-71 89 3789
6-9-71 89 4604
6-16-71 88 5375
6-23-71 88 6174
6-30-71 85 6838
7-7-71 85 7691
7-14-71 84 8483
7-21-71 84 9343
7-28-71 85 10258
8-4-71 85 11203
8-11-71 85 12188
8-18-71 85 13226
8-25-71 67 10547
9-1-71 67 11455
9-8-71 44 7411
9-15-71 153 19273
9-22-71 117 13616
9-29-71 117 14950
10-6-71 80 8728
10-13-71 78 9355
10-20-71 78 10172
1-8-72 469 68407
1-15-72 557 68835
1-22-72 557 75861
1-29-72 557 81978
2-5-72 553 79188
2-12-72 592 66833
2-19-72 592 54976
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Table 10. cont,
Date # -Boas Total Wt.
2-26-72 558 33490
3-4-72 536 33405
11-3-71 534 78803
11-10-71 534 81540
11-17-71 425 67524
11-24-71 425 69217
12-1-71 424 70679
12-8-71 424 72282
12-17-71 215 36175
12-24-71 215 37181
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